We evaluated the UF-100 flow cytometer (TOA Medical Electronics, Kobe, Japan) Urinary tract infection (UTI) is not infrequent, and quantitative urinary culture is still the "gold standard" for its detection. However, approximately half of the submitted urine cultures have negative results. Urine contains many materials that give information for diagnosing UTIs, such as WBCs. 1,2 Urinary sediment microscopy has been generally adopted as a testing method for analyzing WBCs and bacteria, and it is accurate for detecting UTI. 3,4 However, microscopic results are difficult to reproduce consistently and is labor-intensive.
Urinary tract infection (UTI) is not infrequent, and quantitative urinary culture is still the "gold standard" for its detection. However, approximately half of the submitted urine cultures have negative results. Urine contains many materials that give information for diagnosing UTIs, such as WBCs. 1, 2 Urinary sediment microscopy has been generally adopted as a testing method for analyzing WBCs and bacteria, and it is accurate for detecting UTI. 3, 4 However, microscopic results are difficult to reproduce consistently and is labor-intensive.
The recently introduced UF-100 flow cytometer (TOA Medical Electronics, Kobe, Japan) discriminates cells and crystals in the urine and reports the quantities of each, and some data show that it is suitable as a screening test for UTI. [5] [6] [7] [8] However, most studies did not distinguish between hospitalacquired and community-acquired UTIs, yet these 2 types of samples have several differences, such as in the use or nonuse of antibiotics or catheters. 9, 10 In this study, we restricted the study population to patients who had not been hospitalized within the previous month to evaluate the performance of the UF-100 for community-acquired UTI. We suggest the method can reduce urine cultures for suspected community-acquired UTI by predicting culture results.
Materials and Methods

Collection of Urine Specimens
From April 2006 to July 2006, 330 urine samples submitted for culture to the Clinical Microbiology Laboratory, Pusan National University Hospital, Pusan, Republic of Korea, were used. Urine specimens from inpatients or outpatients who had been hospitalized within the previous month were excluded.
Cultures and Urinalysis
UF-100 analysis and quantitative culture were applied to all 330 urine specimens. Bacterial cultures were performed by inoculation with a 10-µL loop on 5% blood agar plates and MacConkey agar plates (Asan Pharmaceutical, Seoul, Korea). All plates were incubated for 24 hours at 37° in room air. The results were expressed as the number of colony-forming units (CFUs) per milliliter. Cultures were considered positive if the inoculated plate produced more than 10 3 CFUs/mL, which is the standard for diagnosis in pediatric patients and patients admitted to the intensive care unit in our hospital. If there were 3 or more kinds of colonies without a dominant species, the urine was considered contaminated. To identify the microorganisms, conventional biochemical tests and/or the Vitek system (bioMérieux, Riom, France) were used. 11 Immediately after inoculation of the cultures, all urine specimens were analyzed for bacterial and WBC counts using the UF-100. The results were compared with the results of the urine cultures using receiver operating characteristic (ROC) analysis performed with SPSS 12.0 software (SPSS, Chicago, IL). The specificity and sensitivity of different cutoff values for WBCs and bacterial counts were calculated considering the urine culture as the reference. The cutoff values for screening for community-acquired UTI with the UF-100 were determined, along with the number of urine cultures that could have been avoided by using the different cutoff values.
Results
Among the 330 urine specimens submitted for culture, 66 were positive, 259 negative, and 5 contaminated. The contaminated specimens were not tested further. The results of bacterial identification of the positive cultures with their colony counts are shown in ❚Table 1❚. There were only 2 positive cultures that produced 3,000 and 7,000 CFUs/mL. The former resulted in a bacterial count of 2,868/µL and a WBC count of 0.9/µL in UF-100 analysis and the latter a 3,031/µL bacterial count and 15.1/µL WBC count. The ROC curves for WBC and bacterial counts are given in ❚Figure 1❚, in which cultures of urine specimens were taken as the reference. The area under the curve (AUC) for the bacterial count (0.931) had a higher value than the AUC for the WBC count (0.803) when 10 3 CFUs/mL or more was selected as the standard for a positive specimen. When 10 4 CFUs/mL or more was selected, the AUCs for the bacterial (0.937) and WBC (0.817) counts were slightly increased (data not shown).
❚Table 2❚ shows the sensitivity and specificity of various cutoff values for bacterial counts. It indicates that 38.5% to 75.5% of unnecessary cultures could be eliminated by UF-100 analysis, depending on the limit of bacterial counts. ❚Table 3❚ indicates the changes in sensitivity and specificity if UF-100 screening is considered positive when at least 1 of the 2 values, bacterial or WBC count, exceeds the cutoff value. Regarding bacterial counts, 3,000/µL was selected because it showed reasonable performance from the viewpoint of sensitivity and specificity in the ROC analysis. Because there was no culture-positive specimen that exceeded the WBC cutoff values and did not exceed the bacterial cutoff values, the WBC count does not provide any increase in sensitivity for the detection of UTI, although not using it sacrifices some specificity. ❚ ❚Figure 1❚ ❚ Receiver operating characteristic curve of bacterial and WBC counts on the UF-100 flow cytometer (TOA Medical Electronics, Kobe, Japan).
Discussion
As a result of using antibiotics and indwelling catheters, immunosuppression, and exposure to nosocomial pathogens, urine specimens from patients who have been hospitalized have characteristics different from those of patients with community-acquired UTIs. 9, 10 There are several studies showing the usefulness of the UF-100 for screening for UTI, but most of them do not distinguish hospital-acquired and communityacquired infections. [5] [6] [7] [8] In the present study, only urine specimens from outpatients were used.
Because bacterial culturing usually is not available in local clinics and the results of cultures are provided more than 2 days after collection, the diagnosis of UTI is performed on the basis of symptoms and, sometimes, urinalysis. In many cases, when physicians suspect that a patient has UTI by symptoms and signs, empirical antibiotics are prescribed without confirmative culture results, and patients may receive unnecessary antibiotics. 12 By predicting the results of urine culture with the UF-100, the physicians who suspect community-acquired UTI could get more information, and the unnecessary prescription of antibiotics could be reduced. Also, workloads and laboratory costs could be lowered. When the urine specimens are submitted for culture, generally 1 blood agar and 1 MacConkey agar plate are applied to test for bacterial growth. The cost of a plate is $1 each. Also, routine urinalysis is applied in almost all cases regardless of the urine culture requests. The UF-100 urinalysis is completed within an hour, which allows culture using the same specimen. So, screening by UF-100 entails no additional cost and saves resources.
The AUC and sensitivity and specificity of the bacterial count had higher values than those of the WBC count. Some earlier articles showed the effectiveness of screening for UTI with WBC plus bacterial counts, 5 but those studies were not restricted to community-acquired UTI. In the present study, the WBC count was not as good as the bacterial count for screening for community-acquired UTI. Furthermore, the use of bacterial and WBC counts for screening did not show any benefit in the specificity and sensitivity compared with the bacterial count alone. Because high sensitivity and negative predictive value are required for screening tests in general, we suggest that a cutoff value for the bacterial count be applied only for the prediction of community-acquired UTI.
The most balanced cutoff value for sensitivity and specificity was 3,000/µL for the bacterial count on the ROC curve. With this value, the sensitivity was 94.4% and the specificity 73.2%. In this setting, the percent of unnecessary urine cultures was 58.2% with 1.2% false-negative results. However, higher sensitivity should be obtained to screen for UTI. Each laboratory may select lower cutoff values for bacterial counts to get better sensitivity or choose lower cutoff values flexibly for their own purposes to screen for community-acquired UTI and minimize urine cultures. Our suggestion is a cutoff value of 1,500/µL for the bacterial count. With this value, we could reduce approximately 40% of urine cultures without any falsenegative results. Also, other techniques such as a strip test can improve the performance in predicting UTI. 2, 13, 14 The bacterial counts generated by UF-100 analysis may be useful for screening to exclude community-acquired UTI and contribute to the reduction of unnecessary urine cultures and empirical antibiotic prescriptions. 
